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WE CLAIM: 



1 . A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticles having oligonucleotides attached thereto, 

the oligonucleotides on each nanoparticle having a sequence complementary to the sequence 
of at least two portions of the nucleic acid; / 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotid4 on the nanoparticles with the two or more 
portions of the nucleic acid; and / 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles witii the nucleic acid. 

2. A method of dete<5ting nucleic acid having at least two portions comprising: 
contacting th^ucleic4ci/vyith at least two types of nanoparticles having 

oligonucleotides attache^thereto, tlie cWigonucleotides on the first type of nanoparticles 
having a sequence complementaryyto must portion of the sequence of the nucleic acid, the 
oligonucleotides onythe second'type of nanoparticles having a sequence complementary to 
a second portion of the sequence of Ui^ucleic acid, the contacting taking place under 
conditions effective^oaHow hybridization of the oligonucleotides on the nanoparticles with 
the nucleic acid; and / 

observing a ^detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 



3. The method of Claim 2 wherein the contacting conditions include freezing 
and thawing. 

4. The me^od of Claim 2 wherein the contacting conditions include heating. 
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5 . The method of Claim 2 wherein the 4etectable change is observed on a solid 
surface. 

6. The method of Claim 2 wherem the detectable change is a color change 
observable with the naked eye. 

7. The method of Claim 6 wperein the color change is observed on a solid 
surface. 

8. The method ofCIai^^ the^anoparticles are made of gold. 

9. The methcxr of Claimr ^ wherein the oligonucleotides attached to the 
nanoparticles are labeleoon their ep(asynot attached to the nanoparticles with molecules that 




produce a detectable oriange upon hy oridization of the oligonucleotides on the nanoparticles 
/ 

in with the nucleic aciq. 

m 

ifri 

10, The method of Claim 9 wherein the nanoparticles are metallic or 
IM semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 

1^ labeled with fluorescent molecules. 

t 

iM" 11. The method/of Claim 2 wherein: 

the nucleic^ acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementyy to this third portion of the nucleic acid, the contacting taking place 
under conditions effecfive to allow hybridization of the filler oligonucleotide with the nucleic 



acid. 
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12. The method of Claim 2 wherein the micleic acid is viral RNA or DNA. 

13. The method of Claim 2 wherein the nucleic acid is a gene associated with a 

disease. 

14. The method of Claim 2 wherein the nucleic acid is a bacterial DNA. 

15. The method of Claim 2 wherein the nucleic acid is a fungal DNA. 

16. The method of Claipt^ ywherein the nucleic acid is a synthetic DNA, a 
ic RNA, a structural 

natural or synthetic DNA. 

1 7. The method ofClaiv^l \Vherein the nucleic acid is from a biological source. 

1 8. The method^Claim 2 whb^ein-tfienucleic acid is a product of a polymerase 
chain reaction amplification. 



synthetic RNA, a structurally-mc^aified natural or synthetic RNA, or a structurally-modified 



1 9. The method of Claim 2 wherein the nucleic acid is contacted with the first and 
second types of nanoparticles simultaneously. 



20. The method of Claim 2 wherein the nucleic acid is contacted and hybridized 
with the oligonucleotides on the first type of nanoparticles before being contacted with the 
second type of nanoparticles. 



2 1 . The method of Claim 20 wherein the first type of nanoparticles is attached to 
a substrate. 
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22. The method of Claim 2 wherein me nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 



23. A method of detecting nucleic/acid having at least two portions comprising: 
providing a substrate having a'first type of nanoparticles attached thereto, the 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion^f the sequence of a nucleic acid to be detected; 

contacting said nucleic ad^;wl3r5iei^anoparticles attached to the substrate 
under conditions effective to allow hybridization o^the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a second type of/nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides'having a^eefuence complementary to one or more other portions 
of the sequence of said nucleic aci 
contacti 



[cleic acidlbound to the substrate with the second type of 
nanoparticles under coil^idpBf^effecti ve to aiW hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; and 
observing a detectable change. 



24. The method of Claim 23 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



25. A method of detecting nucleic acid having at least two portions comprising: 
providing a/substrate having a first type of nanoparticles attached thereto, the 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be detected; 
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contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridizat jon of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a second type of hanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequ^ce complementary to one or more other portions 
of the sequence of said nucleic acid; 

contacting said nucleic acid bound to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; 

providing a binding olig<5nucleotide having a selected sequence having at least 
two portions, the first portion beit^omplemj^ntary to at least a portion of the sequence of 
the oligonucleotides on the second type omanoparticles; 

contacting4he binding oligonucleotide vAth the second type of nanoparticles 
bound to the substrate/jnder condil^s/effective to allow hybridization of the binding 
oligonucleotide to th^ >ligonucleot^es in 
providing a ihixAtl] 



type 



J. 



the nanoparticles; 

nanoparticles having oligonucleotides attached 



thereto, the oligonucleotidesTiaving a secp^ence complementary to the sequence of a second 
portion of the binding oligonucleotide; 

contacting the third type of nanoparticles with the binding oligonucleotide 
bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 
observing a detectable change. 



26. The method of (tlaim 25 wherein the substrate has a plurality of types of 
nanoparticles attached to it iijan array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



27. A method of 



[etecting nucleic acid having at least two portions comprising: 
151 



4149-1-1-t-1 

contacting a nucleic acid Ao be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid boiind4o^the substrate with a first type of 
nanoparticles having one or more ty^s^of'oligonucleotides attached thereto, at least one of 
the types of oligonucleotides ha^n/ a sequence c^^lementary to a second portion of the 
sequence of said nucleic acid„tlie contacting t^n^lace under conditions effective to allow 
hybridization of the oligonucleotides on the'nanoparticles with said nucleic acid; 

contacting the first type of n^particles bound to the substrate with a second 
type of nanoparticles^aving oligonucleotides attached thereto, the oligonucleotides on the 
second type of nanoparticles having a sequence complementary to at least a portion of the 
sequence of on/of the type oligonucleotides on the first type of nanoparticles, the 
contacting taking place ^dnder con litions effective to allow hybridization of the 




oligonucleotides on the^rst/and second types of nanoparticles; and 
nng ^etectable cl^ 

28, The method of Claim 27 wherein the first type of nanoparticles has only one type 

/ 

of oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 

f 

to the second portion the sequence of said nucleic acid and to at least a portion of the 
sequence of the oligonucleotides on the second type of nanoparticles. 



29. The method of Claim 28 further comprising contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 



place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles. 
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30. The method of Claim 27 whereinyuie first type of nanoparticles has at least two 
types of oligonucleotides attached thereto; the first type of oligonucleotides having a 
sequence complementary to the second portion of the sequence of said nucleic acid, and the 
second type of oligonucleotides having a sequence complementary to the sequence of at least 
a portion of the oligonucleotides on the^econd type of nanoparticles. 



3 1 . The method of Claim 30 further comprising contacting the second type of 
nanoparticles bound to the substratyvvdth^e^hst^e of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 



and second types of nanoparticles. 




32. The method of Claim'?? wherein the substrate has a plurality of types of 

/ / // 

oligonucleotides attached to it in/ayarray to allow for the detection of multiple portions of 
a single nucleic acid, the detectioniof multiple different nucleic acids, or both. 

/ 7 

33. / The method of anyone of Claims 23-32 wherein the substrate is a transparent 
substrate or In opaque*w]/ite subsb:^. 

/ 

34. The method of Claim 33 wherein the detectable change is the formation of 
dark areas on the substrate. 



/. 



35. The method of any one of Claims 23-32 wherein the nanoparticles are made 

of gold. 

36. The method of any one of Claims 23-32 wherein the substrate is contacted 
with silver stain to produce the detectable change. 
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37. The method of any one of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 



38. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization ^f the oHgonucleotides on the substrate with said 
nucleic acid; 

contacting said nu^Jeic /acid bbund to the substrate with a type of 
nanoparticles having oligonucleotides /attached thereto, the oligonucleotides having a 
sequence complementary to^ secon^ p^rtibn of the sequence of said nucleic acid, the 
contacting taking place/ under conditions effective to allow hybridization of the 
oligonucleotides on the nanoparticles mih said nucleic acid; 

contacting the sub^ate v^th silver stain to produce a detectable change; and 
observing the detectable change. 



39. The rliethodpi Claim/38 wherein the nanoparticles are made of a noble metal. 



40, The method of Claim 39 wherein the nanoparticles are made of gold or silver. 



41. The method of Claim 38 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 



42. The method oi any one of Claims 38-41 wherein the detectable change is 
observed with an optical scanner. 
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43. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to pe detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization ofthe oligonucleotides on the substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the^contacting taking place under conditions 



tides on 



effective to allow hybridization of the/oligonucleotides dn the liposomes with said nucleic 
acid; ^ ^ 

contacting the'iiposomes ^ound to the substrate with a first type of 
nanoparticies having aUe^a first^iypeoligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobic group attached to the end not attached to the 
nanoparticies, th^contacting tald^gplace/under conditions effective to allow attachment of 
the oligonucleotides on the nanopartjcles to the liposomes as a result of hydrophobic 
interactions ;yand 

observing a detectable change. 




method of detecting nucleic acid having at least two portions comprising 
contacting a' nucleic acid to be detected with a substrate having 
oligonucleotides attached thireto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allqw hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequenos of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; / 

contacting the liposomes bound/to the substrate with a first type of 
nanoparticles having at least a first type oligonu/leotides attached thereto, the first type of 
oligonucleotides having a hydrophobic group' attached to the end not attached to the 
nanoparticles, the contacting taking place und/r conditions effective to allow attachment of 
the oligonucleotides on the nanoparticles xi the liposomes as a result of hydrophobic 
interactions; / 

contacting the first type of Jno^^r^cte^oimd to the liposomes with a second 
type of nanoparticles having oligonucleotides attached) thereto, 

the first type^fnanopartic^^ having a second type of oligonucleotides 
attached thereto which have a secjiienc/compl^ to at least a portion of the sequence 
of the oligonucleotides on^e secondVpe/^^anoparticles, 

the^ligonucleotideybn the second type of nanoparticles having a 
sequence complementeiy to at least a dbrtion of the sequence of the second type of 
oligonucleotides on Oie first type oTnanoparticles, 

I the contd^ting taking place under conditions effective to allow 
hybridization of the oligonu/eotides oike first and second types of nanoparticles; and 
obs^ving// detectable chiige^-^ 

45. The method of Claim 43 or 44 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

46. The metho d'of Claim 43 or 44 wherein the nanoparticles are made of gold, 

47. The method of Claim 43 or 44 wherein the substrate is contacted with silver 
stain to produce the detectable change. 
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48. The method of any one of Claim^43 or 44 wherein the detectable change is 
observed with an optical scanner. 

49. A method of detecting nucleiaacid having at least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion/of thC'S^queho^e of a nucleic acid to be detected; 

contacting said nucleic acia'with tte nanoparticles attached to the substrate 
under conditions effective to allow hybri4izati9^of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing an aggregate iroi>i comprising at least two types of nanoparticles 
having oligonucleotides attached theretp, the nanoparticles of the aggregate probe being 
bound to each other as a^sult of the Ifybtidization of some of the oligonucleotides attached 
to them, at least one of the types oVnanoparticles of the aggregate probe having 
oligonucleotides att^hed therefo'wt^ch have a sequence complementary to a second portion 



of the sequence of saidnydeic acid; 

contacting said nucleic acid bound to the substrate with the aggregate probe 
under conditions effective to allow hybridization of the oligonucleotides on the aggregate 
probe with said nucleic acid; and' 

observing a detectable change. 



50. The method of Claim 49 wherein the substrate has a plurality of types of 
nanoparticles attached to it in In array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



51. A method of detecting nucleic acid having at least two portions comprising: 
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providing a substrate having ^ligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; / 

providing an aggregate probe^omprising at least two types of nanoparticles 
having oligonucleotides attached thereto,/the nanoparticles of the aggregate probe being 

bound to each other as a result of the hybridization of some of the oligonucleotides attached 

/ 

to them, at least one of the types of nanoparticles of the aggregate probe having 

/ 

oligonucleotides attached thereto which haveTse^ence complementary to a second portion 
of the sequence of said nucleic acid;^^ ) 

contacting said*^hucleic acid, ine substrate and the aggregate probe under 

/I // 

conditions effective to allow hybridizationyof said nucleic acid with the oligonucleotides on 
the aggregate probe and'^th the o(igonilcleotides on the substrate; and 
observing a detectable /hange. 



52. Th^method of Cl^im 5 / wherein said nucleic acid is contacted with the substrate 
so that said nucleic acid^ybridizfes with the oligonucleotides on the substrate, and said 
nucleic acid bound to^e substratkis^then^cpnfac^^ with the aggregate probe so that said 
nucleic acid hybridizes vwth the oligonucleotides on the aggregate probe. 



/ 



53. The method of Claim 51 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, and said nucleic acid bound to the aggregate probe is then contacted with 
the substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate. 



54. The method of Claim 51 wherein said nucleic acid is contacted simultaneously 
with the aggregate probe and the substrate. 
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55. The method of Claim 51 wherein tbfe substrate has a plurality of types of 
oligonucleotides attached to it in an array to d\\o\f for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 



56. A method of detecting nucleic acid having at least two portions comprising: 

providing a substrate having oligonucleotides attached thereto; 

providing an aggregate probe comprising at least two types of nanoparticles 

having oligonucleotides attached thereto, ithe nanoparticles of the aggregate probe being 

bound to each other as a result of the hy^dizadonoPsome of the oligonucleotides attached 

to them, at least one of the types^of nanoparticles of the aggregate probe having 

/if 

oligonucleotides attached thereto whicWhavj^ sequence complementary to a first portion of 

/ / 

the sequence of a nucleic acid to be detec 

providing a type of nanoparticles having at least two types of oligonucleotides 
attached thereto, the m%X type of ol^onucleotides having a sequence complementary to a 
second portion of th/sequence^ said nucleic acid, the second type of oligonucleotides 
having a sequenc^ complemen/arj to at least a portion of the sequence of the 
oligonucleotides attached tMhe subs ^te; 

oWctifig said nucleic a^ 



cor 



substrate, the contacting taking/place under conditions effective to allow hybridization of 
said nucleic acid with the oligonucleotides on the aggregate probe and on the nanoparticles 
and hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides on 
the substrate; and ^ 

observing a detectable change. 




ggregate probe, the nanoparticles and the 



57. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe and the nanoparticles so that said nucleic acid hybridizes with the 
oligonucleotides on the aggregate probe and with the oligonucleotides on the nanoparticles, 
and said nucleic acid bounfl to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the oHgonucleotides on the nanoparticles hybridize with the 
oligonucleotides on the substrate. 

58. The method of Claim 56 wherein said nucleic acid is contacted with the 

aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 

/ 

aggregate probe, said nucleic acid bound tojthe aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid /hybridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid bound to the aggregate probe and nanoparticles is then 
contacted with the substrate so that the oligonucleotides,on the nanoparticles hybridize with 
the oligonucleotides on the substrate.-if 



59. The method of Claim /56 wherein said nucleic acid is contacted with the 
/ / // 

aggregate probe so that said nucleic/acid hybridizes with the oligonucleotides on the 
aggregate probe, thfe nanoparticles /are contacted with the substrate so that the 
oligonucleotides onthe nanopartiKes^ybridize with the oligonucleotides on the substrate, 
and said nucleic/acid bound Xo/^q a^egate probe is then contacted with the nanoparticles 
bound to the substrate so thM said iucleic acid hybridizes with the oligonucleotides on the 
nanoparticles/ 





cthod of Claim 56 wherein-tfle substrate has the oligonucleotides attached 



to it in an array to allow for the detection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. 



6 1 . The methodfof any one of Claims 49-60 wherein the substrate is a transparent 
substrate or an opaque white substrate. 

I 

62. The methoa of Claim 61 wherein the detectable change is the formation of 
dark areas on the substrate. 
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63. The method of any one of Claims/49-60 wherein the nanoparticles in the 
aggregate probe are made of gold. 

64. The method of any one of Claims 49-60 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 

65. The method of any one of Claiinr49-60 wherein the detectable change is 
observed with an optical scanner. 



'si 



is 

Q 
O 

iU 



66. A method of detecting nucleic acid having at least two portions comprising: 

/ / jf 

contacting/a nueleicvacid to be detected with a substrate having 

/ / ( 

oligonucleotides attached thereto, th^oligonucleotides having a sequence complementary to 
a first portion of th^sequenci^f^aid nucleic acid, the contacting taking place under 
conditions effective to allow Kybrid|zation of the oligonucleotides on the substrate with said 
nucleic acid; / 

:ontactn4 said nucleic acid bound to the substrate with liposomes having 

/I V 

oligonucleotideVattdched thereto, the oligonucleotides having a sequence complementary to 

/ 

a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; ^ 

providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other asl result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attaihed thereto which have a hydrophobic group attached to the end not 
attached to the nano plarticles; 
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contacting the liposomes bound to tne substrate with the aggregate probe 
under conditions effective to allow attachment of me oligonucleotides on the aggregate probe 
to the liposomes as a result of hydrophobic intptactions; and 

observing a detectable change/ 

67. The method of Claim 66 whe/ein the nanoparticles in the aggregate probe are 
made of gold. 



68. The method of Claim 66 w;herein the subsj^^e is contacted with a silver stain to 
produce the detectable change. 

69. The method of Claim' 66 whe^in the substrate has a plurality of types of 
oligonucleotides attach^to it in an anayj/o allow for the detection of multiple portions of 
a single nucleic acid^e detection of'm^tiple different nucleic acids, or both. 

70. i/method of detecting nucleic acid haying at least two portions comprising: 
/providing'^ substrate haViflf^ligonucleotides attached thereto, the 

oligonucleotidWhavmg a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; / 

providing a core probe comprising at least two types of nanoparticles, each 

type of nanoparticles having oligonucleotides attached thereto which are complementary to 

f 

the oligonucleotides on at least one of the other types of nanoparticles, the nanoparticles of 
the aggregate probe being bound to each other as a result of the hybridization of the 



oligonucleotides attached' to them; 

providing/ a type of nanoparticles having two types of oligonucleotides 
attached thereto, the firsi type of oligonucleotides having a sequence complementary to a 
second portion of the siquence of said nucleic acid, the second type of oligonucleotides 
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having a sequence complementary to a portion of the sequence of the oligonucleotides 
attached to at least one of the types of nanop^ticles of the core probe; 

contacting said nucleic acid, pe nanoparticles, the substrate and the core 
probe under conditions effective to allow/ hybridization of said nucleic acid with the 
oligonucleotides on the nanoparticles and with the oligonucleotides on the substrate and to 
allow hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides 
on the core probe; and 

observing a detectable ch&nge. 




7 1 . The method of Claim 70 wherein smd nucleic acid is contacted with the substrate 



so that said nucleic acid hybridizes with Jhe oligonucleotides on the substrate, and said 

rtrate fls 



nucleic acid bound to the substrate /s tffen contacted with the nanoparticles so that said 

leotides on the nanoparticles, and the nanoparticles 
bound to said nucleic acid^are contacted with the core probe so that the oligonucleotides on 
the core probe hybridizeCdth tiie oligonucteotidffs-oiTthe^nanopart^ 



72. The method of Claim 70 wherein said nucleic acid is contacted v^dth the 
nanoparticles so that said nulleic acid hybridizes with the oligonucleotides on the 
nanoparticles, said nucleic acifi bound to the nanoparticles is then contacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and 
the nanoparticles bound to said nucleic acid are contacted with the core probe so that the 
oligonucleotides on the core probe hybridize with the oligonucleotides on the nanoparticles. 



73. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a s( quence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 



I 
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providing a core probe comprising at least two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least one other tynfe of nanoparticles, the nanoparticles of the 
aggregate probe being bound to each otl/er as a result of the hybridization of the 
oligonucleotides attached to them; 

providing a type of linldng oligonucleotides comprising a sequence 
complementary to a second portion of thfe sequence of said nucleic acid and a sequence 
complementary to a portion of the sequence of the oligonucleotides attached to at least one 
of the types of nanoparticles of the coreiprobe; 

contacting said nucleic acidj^e4iaking oligonucleotides, the substrate and 
the core probe under conditions effect^e to allow hybridization of said nucleic acid with the 
linking oligonucleotides and^th die^igonucleotides on the substrate and to allow 
hybridization of the oligonucleotide on the linking oligonucleotides with the 



observing a detectable change. 



oligonucleotides on the core probe 



types of oligonucleotides attached 



74, The mdhod of any/bne i )f Claims 70-73 wherein the substrate has a plurality of 



it in an array to allow for the detection of multiple 



portions of a singi^nu^c acid, the dfetQctiqnpfinultiple different nucleic acids, or both. 



75. The method o^any one of Claims 70-73 wherein the substrate is a transparent 
substrate or an opaque white substrate. 



76. The method of Claim 76 wherein the detectable change is the formation of 
dark areas on the substrate. 



77. The method of [any one of Claims 70-73 wherein the nanoparticles in the core 
probe are made of gold. 
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78. The method of any one of Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the detectable change. 

79. The method of any one of Clapns 70-73 wherein the detectable change is 
observed with an optical scanner, 

80.. A method of detecting a nucleic acid having at least two portions comprising: 

/ 

providmg nanoparticles having oligonucleotides attached thereto; 

/ 

providing one or more types of binding oligonucleotides, each of the binding 

oligonucleotides having two portions, the4equence of one portion being complementary to 

I 

the sequence of one of the portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence^f^iTol^ohucleotides on the nanoparticles; 

contacting the ^anopi-ticles^ni the binding oligonucleotides under 
conditions effective to allow hybridization omie oligonucleotides on the nanoparticles with 
the binding oligonucleotide^ j jf I 

contactin^e nucleic acid and the binding oligonucleotides under conditions 
effective to allow hybridization of the binding oligonucleotides vidth the nucleic acid; and 
observ/ng a detect4>Ie change. 

8 1 . The metHoJ of Claim 80 wherehsthe^anoparticles are contacted with the 
binding oligonucleotides prior to^being contacted with the nucleic acid. 



82. A method of detecting a nucleic acid having at least two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one|or more binding oligonucleotides, each of the binding 

oligonucleotides having two portions, the sequence of one portion being complementary to 

I 

the sequence of at least two portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 
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contacting the nanoparticles/ and the binding oligonucleotides under 
conditions effective to allow hybridization oy the oligonucleotides on the nanoparticles with 
the binding oligonucleotides; 

contacting the nucleic acid dnd the binding oligonucleotides under conditions 
effective to allow hybridization of the binding oligonucleotides with the nucleic acid; and 
observing a detectable change. 



83. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid witl^t least two types of particles having oligonucleotides 

the oligonucleotides on the first typeofpa^cles having a sequence complementary 

to a first portion of the sequence of thknuclei)? acid and being labeled with an energy donor, 

the oligonucleotides on the second type of particles having a sequence 
/ \ / 1 

complementary to a second portion' of^e sequence of the nucleic acid and being labeled 
with an energy acceptor, / 

the contacting taking placefund^r conditions effective to allow hybridization of the 
oligonucleotides on the particle^^thithe nucleic acid; and 

observing a de^ectable^iige brought about by hybridization of the oligonucleotides 
on the particles with Uie micleic/acid. 



attached thereto, 



84. The method of Claim 83 wherein the energy donor and acceptor are 
fluorescent molecules. 

85. A method of detecting nucleic acid having at least two portions comprising: 
providing a tXe of microspheres having oligonucleotides attached thereto, 

the oligonucleotides having a sequence complementary to a first portion of the sequence of 
the nucleic acid and being labeled with a fluorescent molecule; 
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providing a type of nanoparticles^ving oligonucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a second portion of the sequence 
of the nucleic acid, nanoparticles being capable of producing a detectable change; 

contacting the nucleic acid with the microspheres and the nanoparticles under 
conditions effective to allow hybridization^f the oligonucleotides on the microspheres and 
on the nanoparticles with the nucleic acid; and 

observing a change in |luorescence, another detectable change produced by 
the nanoparticles, or both. 




86. The metliod of Claim/ 85 wherein the detectable change produced by the 
nanoparticles is a ch^ige in color. 

/ // 

87. Thfe method ofcClaim 85 wherein the microspheres are latex microspheres and 
/ /If 

the nanoparticles are gold 'nancfparticles, and changes in fluorescence, color or both are 
observed. 

88. The method of Claim 87 further comprising placing a portion of the mixture 
of the latex microsph^es, nanoparticles and nucleic acid in an observation area located on 

p a microporous material, treating the microporous material so as to remove any unbound gold 

H nanoparticles from^e observation area, and then observing the changes in fluorescence, 

color, or both. 

89. k method of detecting nucleic acid having at least two portions comprising: 
/providing a first type of metallic or semiconductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; 
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providing a second type of metal li^^rlemiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a second portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; 

contacting the nucleic acid' with the two types of nanoparticles under 
conditions effective to allow hybridization of the oligonucleotides on the two types of 
nanoparticles with the nucleic acid; and / 

observing changes in fluorescence. 



90. The method of Claim^89'furthfer comprising placing a portion of the mixture 

of the nanoparticles and nucleic/z^id in/an observation area located on a microporous 

/ / / ^ 

material, treating the microporousimatenal so as to remove any unbound nanoparticles from 
the observation area, and then o^ser^mg the changes in fluorescence. 





91. A me^bd of detecting i^ucleic acidh^ng at least two portions comprising: 
providing a type of parti<4eh^ving oligonucleotides attached thereto, the 



oligonucleotides having ayfirst portion and a second portion, both portions being 
complementary to pQrtipr^'of the sequence of the nucleic acid; 

providing ^ type of probe oligonucleotides comprismg a first portion and a 
second portion, the first portion having a sequence complementary to the first portion of the 
oligonucleotides attach^ to the particles and both portions being complementary to portions 
of the sequence of the nucleic acid, the probe oligonucleotides further being labeled with a 
reporter molecule at one end; 

contacting the particle and the probe oligonucleotides under conditions 
effective to allow for/hybridization of the oligonucleotides on the particles with the probe 
oligonucleotides to produce a satellite probe; 

then contacting the satellite probe with the nucleic acid under conditions 
effective to provide/for hybridization of the nucleic acid with the probe oligonucleotides; 
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removing the particles; and 
detecting the reporter molecule. 



92. The method o 
molecule is a fluorescent mo 



94. The method o 
molecule is a redox-active m 



Claim 91 wherein the particles are magnetic and the reporter 
ecule. 



93. The method o|f Claim 9 1 wherein the particles are magnetic and the reporter 
molecule is a dye molecule. 



Claim^91^^erei^rthe particles are magnetic and the reporter 
olecule. 



95 . A kit coniprisi ng at leas^bne container, the container holding a composition 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 

oligonucleotides/on the first type of nanoparticles having a sequence complementary to the 

/ ^ 

sequence of a/first portion of a nuo|eic acid, the oligonucleotides on the second type of 
nanoparticles having a sequei|ice compleniemary to the sequence of a second portion of the 
nucleic aci4 




96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleolide having a sequence complementary to a third portion of the 



nucleic acid, the third portion 



being located between the first and second portions. 



97. The kit of Claim 95 wherein the nanoparticles are made of gold. 



98. The kit of Claim 95 further comprising a solid surface. 



99. A kit comprising at least two containers. 
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the first container holding nanopa^icles having oligonucleotides attached 
thereto which have a sequence complementary torthe sequence of a first portion of a nucleic 
acid, and / 

the second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 

100. The kit of Claim 99 comprising a third container holding oligonucleotides 
having a sequence complementary to a third portion-oC^the nucleic acid, the third portion 
being located between the first and second-portions^ 



101. The kit of Claim 99 wherein the^nanoparticles are made of gold. 





102. The kit of Claim 99 fuithei/comprising a solid surface. 



103. A kit comprising at least two cqntainers, 

the firslxontainM/^iolding nanop^iclesjiavifig oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a binding 
oligonucleotide, and ^ 

the second container holding one or more types of binding oligonucleotides, 

I 

each of which has a sequence comprising at least two portions, the first portion being 
complementary to the sequence of the oligonucleotides on the nanoparticles and the second 
portion being complementary to|the sequence of a portion of a nucleic acid. 



1 04. The kit of Claim'l 03 which comprises additional containers, each holding an 
additional binding oligonucleotide, each additional binding oligonucleotide having a 
sequence comprising at least /two portions, the first portion being complementary to the 
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sequence of the oligonucleotides on the nanoparticles and the second portion being 
complementary to the sequence of anomer portion of the nucleic acid. 



105. The kit of Claim 103 wherein the nanoparticles are made of gold. 



1 06. The kit of Claim 1 03 further comprising a solid surface. 



1 07. A kit comprising: 

a container holding oni 




nanoparticles having oligonucleotides attached 



thereto and one or more types of binding/oligonucleotides, each of the types of binding 
oligonucleotides having a sequence comprising at least two portions, the first portion being 



/ I // 

quence offithe/oli 



complementary to the sequence ofjAe/oligonucleotides on the nanoparticles, whereby the 
binding oligonucleotides are hybridized to the oligonucleotides on the nanoparticles, and the 
second portion being complem^^ary to the sequence of one or more portions of a nucleic 
acid. 





108. A.kit cetmprising at least one container, the container holding metallic or 
semiconductor nanoparticles havilig oligonucleotides attached thereto, the oligonucleotides 
having a sequence complementary to a portion of a nucleic acid and having fluorescent 
molecules attached to the ends o 'the oligonucleotides not att^tched to the nanoparticles. 

109. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 

nanoparticles having oligonucleotides attached thereto which have a sequence 

complementary to the sequence of a first portion of a nucleic acid; and 

t 

a first container iholding nanoparticles having oligonucleotides attached 
thereto which have a sequence cLmplementary to the sequence of a second portion of the 
nucleic acid. 
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110. The kit of Claim 1 09 fiirther comprising: 

a second container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the oligonucleotides on the nanoparticles in the first container; and 

a third container (holding nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to the sequence of a second 
portion of the binding oligonucleotide. 

111. A kit comprising at least three Containers: 
the first contains holding nar&particles; 

the second container holding a first oligonucleotide having a sequence 



of a firs^ortion of a nucleic acid; and 



complementary to the sequence 

the third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid. 



1 12. The kit of ClmA 1 1 1 fiMher comprising a fourth container holding a third 
oligonucleotide(having^s^ence complbnentarxiaAe^equence of a third portion of the 
nucleic acid, the tmrJportion being located between the first and second portions. 



I 



113. The kit of Claim 1 1 1 further comprising a substrate. 



114. The kit of Claim 1 1 3 further comprising: 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 



portion of the sequence of the second oligonucleotide; and 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 



115. The kit of Claim 1 1 1 wherein tl4e oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oliepnucleotides to the nanoparticles. 

116. The kit of Claim 113 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 

1 1 7. The kit of Claim 1 1 3 wherein the substrate has nanoparticles attached to it. 

1 1 8. The kit of Claim 1 1 l^'mierein tj5e nanoparticles are made of gold. 



119. A kit comprismg: 

a substrate'having oli^ofiuclfeotides attached thereto which have a sequence 



tion of a nucleic acid; 



complementary to the sequence of affirst p 

a first containM/nolding nani^wticles haying oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and 

a second container/holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in the first container. 



120. A kit comprising; 
a substrate; | 

a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementary to the sequena ; of a second portion of the nucleic acid; and 
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a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequenfce of the second oligonucleotide. 

121. The kit of Claim 120 wherein iljd oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 



lenano^artic 



1 22. The kit of Claim 1 20 wherei/i,the nanoparticles are made of gold. 

123. A kit comprising: 
a substrate having^oligonucleotidfes attached thereto which have a sequence 

complementary to the sequence of a fir^t porticn of a nucleic acid; 
O a first container holding/liiaosonr es having oligonucleotides attached thereto 



which have a sequence conjlplement^ to the sequence of a second portion of the nucleic 
acid; and 



m I 

■UJ a second container holding nanoparticles having at least a first type of 

N / 

oligonucleotides attached thereto, tiie first type of oligonucleotides having a hydrophobic 

group attached to the end not attached to the nanoparticles. 



1 24. The kit of Claim/l 23 wherein: 



.'is 

lif 

H the nanoparticles in the second container have a second type of 

oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 



nanoparticles. 
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125. A kit comprising: 

a substrite, the substrate having attached thereto nanoparticles, the 
nanoparticles having Qligonucleotides attached thereto which have a sequence 
complementary to the seqmence of a first portion of a nucleic acid; and 

a first container holding an aggregate probe comprising at least two types of 

nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 

probe being bound to each other as a result of the hybridization of some of the 

oligonucleotides attached to tnem, at least one of the types of nanoparticles of the aggregate 

probe having oIigonucleotides\attached thereto which have a sequence complementary to a 

\ \ 
second portion of the sequence\pf the nucleic aci^. 

1 26. A kit compnsing 
a substrate, the Substrate l}&ving oligonucleotides attached thereto, the 

oligonucleotides having a sequence^comp 




nucleic acid; and . 



mentary to the sequence of a first portion of a 
gregate probe^ ^comprising at least two types of 




a/first containepholding an a 
nanoparticles ha^|^ oligonucleotides attach'^d-thefeto, the nanoparticles of the aggregate 
probe being bound to each other ^ a result of the hybridization of some of the 

oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 

\ 

probe having oligonucleotides attached, thereto which have a sequence complementary to a 
second portion ofthe sequence ofthenUic acid. 



127. The kit of Claim 126 wherein the substrate has a plurality of types of 

oligonucleotides attached to it in an array to allow for the detection of multiple portions of 

\ 

a single nucleic acid, the detection of multiple different nucleic acids, or both. 



128. A kit comprising: 

a substrate having oligonucleofides attached thereto; 
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a first container holding an aggibgate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a /esult of the hybridization of some of the 
oligonucleotides attached to them, at least ode of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thireto which have a sequence complementary to a 
first portion of the sequence of the nucleic acid; and 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereto, thef^MSfe^ having a sequence 

complementary to a second portion of tWesequen^ of the nucleic acid, and the second type 
of oligonucleotides having a sequ^e'complem'^^ to at least a portion of the sequence 
of the oligonucleotides attached^ thi substrate' 



129. A kit comprising: 

a substratej^^Uie^uBstrate having^fonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a furst portion of a 




nucleic acid; 



/ 



a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complernentary to the sequence of a second portion of the nucleic 
acid; and | 

a second container holding an aggregate probe comprising at least two types 
of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the 

hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 



130. The kit of any one of Claims 125-129 wherein the substrate is a transparent 



substrate or an opaque whi 



:i 



substrate. 
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131. The kit of any one of plaims 125-129 wherein the nanoparticles of the 
aggregate probe are made of gold. 



1 32. A kit comprising at least three containers: 
the first container holding nanoparticles; 

holding 



the second container 
complementary to the sequence of a 

the third container holding a seco; 
complementary to the sequence of a 



j^t oligonucleotide having a sequence 
Irst'pbrtion of a nucleic acid; and 

ligonucleotide having a sequence 
second portiofi o'f the nucleic acid. 



133. The kit of Claim 132 lirther conforising a fourth container holding a third 



nucleic acid, the third portion being 



134. The kit of C 



^laimja; 



/ 



2 flrther comprising a substrate. 



/ 



oligonucleotide having a'sequence complementary to the sequence of a-third portion of the 

ocated betw^n the firsthand second portions. 



135. The kit of Claim 1 34 [further comprising: 
' a fourth container holding a binding oligonucleotide having a selected 

sequence having at least two portioi s, the first portion being complementary to at least a 
portion of the sequence of the seconc oligonucleotide; and 

a fifth container holdin i an oligonucleotide having a sequence complementary 
to the sequence of a second portion otthe binding oligonucleotide. 



136. The kit of Claim 1 32 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of tlie oligonucleotides to the nanoparticles. 



137. The kit of Claim 134 



wherein the substrate, nanoparticles, or both bear 



functional groups for attachment of th^ nanoparticles to the substrate. 
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138. The kit of (Jlaim 134 wherein the substrate has nanoparticles attached to it. 

139. The kit of Claim 1 32 wherein the nanoparticles are made of gold. 

140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a first container hplding nanoparticles having oligonucleotides attached 
thereto, some of which have a ^quentkcomplementary to the sequence of a second portion 
ofthe nucleic acid; and / \ // 

a second container llolding nanoparticles having oligonucleotides attached 
thereto which have a seduence complementary to aTleast a portion ofthe sequence ofthe 
oligonucleotides attached to the^noparticlesjn'^ first container. 



141. A kit comprising: \ 
a substrate; \ 
a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 



complementary to the sequence of a secOjnd portion ofthe nucleic acid; and 

a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

1 42. The kit of Claim 1 4 1 whereimthe oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment oVthe oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 





a third container holdihg a second oligonucleotide 



having a sequence 



178 



143. The kit of Claim 
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41 wherein the nanoparticles are made of gold. 



144. A kit comprising: 
a substrate havingj 



I oligonucleotides attached thereto which have a sequence 

complementary to the sequence of a first portion of a nucleic acid; 

j 

a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a second portion of the nucleic 
acid; and 

a second container^htjrailic nanoparticles having at least a first type of 
oligonucleotides attached theretol the first mje of oligonucleotides having a hydrophobic 
group attached to the end not attached to nanoparticles. 



145. The kit of Claim 144 whelein: 

/ / \ 

the nanoparticles vin the\second coptainer have a second type of 



oligonucleotides attac! 
complementary to the sequence o: 




the second type of oligonucleotides having a sequence 
f the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 

I 

at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. 



146. A kit comprising at [least two containers, 

the first container holding particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a first portion of a nucleic acid, 

Ivith 



the oligonucleotides being labeled 
particles. 



an energy donor on the ends not attached to the 
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the second 
thereto which have a sequen 
nucleic acid, the oligonucleo 
attached to the particles. 



ccintainer holding particles having oligonucleotides attached 
e complementary to the sequence of a second portion of a 
ides being labeled with an energy acceptor on the ends not 



1 47. The kit of Clailn 1 46 wherein the energy donor and acceptor are fluorescent 
molecules. 



149. The 
molecules. 




148. A kit comprising 
particles having oligonucleotides attache 
the sequence of a first port| 
energy donor on the endj 
oligonucleotides attac 
a second portion of a 



container, the container holding a first type of 
ereto which have a sequence complementary to 
acid, the oligonucleotides being labeled with an 
particles, and a second type of particles having 



have a sequence complementary to the sequence of 
gonucleotides being labeled with an energy acceptor 



on the ends not attadhed to the particles. 



148 wherein the energy donor and acceptor are fluorescent 



150. A kit comprising: 

a first container holding a type of microspheres having oligonucleotides 



attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid and bjeing labeled with a fluorescent molecule; and 

a second container holding a type of nanoparticles having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. 



V 
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151. The kit of Claim 1 50 wherein the mjcrospheres are latex microspheres and the 
nanoparticles are gold nanoparticles. 

1 52. The kit of Claim 1 50 further Comprising a microporous material. 



1 53. A kit comprising: 

a first container holding a first type of metallic or semiconductor nanoparticles 
having oligonucleotides attached tHereto^NiJie oligonucleotides having a sequence 
complementary to a first portion of tlje sequ^ce of a nucleic acid and being labeled v/ith a 
fluorescent molecule; and 

a second' container/holdjtfg a second type of metallic or semiconductor 

nanoparticles having oligonucleotides/attached thereto, the oligonucleotides having a 

/ / / 1 

sequence comj^ementary to a second /i 

labeled with a^fluorescent moleei^e. 





/portion of the sequence of a nucleic acid and being 



The kit of-tlaim 153 




miprising a microporous material. 



155. A kit comorising a container holding a satellite probe, the satellite probe 
comprising: i 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion ana a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 
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156. A kit comprising a container holding an aggreg/e probe, the aggregate probe 
comprising at least two types of nanoparticles having oligonZcleotides attached thereto, the 
nanoparticles of the aggregate probe being bound to/each other as a result of the 
hybridization of some of the oligonucleotides attached t/them. at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
sequence complementary to a portion of the sequence of a nucleic acid. 

157. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticlesh&(^lS^i^nucleotid^^ attached thereto, the 
nanoparticles of the aggregate proby.ein/ bou^ to each other as a result of the 
hybridization of some of the oligonucleotid/s atta4ed to them, at least one of the types of 
nanoparticles of the aggregate prpfc haviA oli&hucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 




158. An aggregate probe^e aggregkjepro!ie<Swnprising at least two types of 
nanoparticles having ol^onucJefWfles attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to theAi, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
portion of the sequence ofa^ucleic acid. 

1 59. The aggregate probe of Claim 158 comprising two types of nanoparticles each 
having two types of oligonucleotides attached thereto, the first type of oligonucleotides 
attached to each type j>f nanoparticles having a sequence complementary to a portion of the 
sequence of a nucleic acid, the second type of oligojiucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
second type of oligonucleotides attached to the second type of nanoparticles. 
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160. The aggregate probfe of Claim 158 comprising three types of nanoparticles 
having oligonucleotides attachedjthereto, the oligonucleotides attached to the first type of 
nanoparticles having a sequence tomplementary to at least a portion of the sequence of the 
oligonucleotides attached to the ^cond type of nanoparticles, the oligonucleotides attached 
to the second type of nanoparticles having a sequence complementary to at least a portion of 
the sequence of the oligonucleotides attached to the first type of nanoparticles, and the third 
type of nanoparticles having tw6 types of oligonucleotides attached thereto, the first type of 
oligonucleotides having a sequencp^Smfrl^entary to a portion of the sequence of a nucleic 
acid, and the second type ofojigonucleotides having a sequence complementary to at least 
a portion of the sequence^f |the olj^onucleotides attached to the first or second type of 
nanoparticles. 




161. ^ aggregate prohp, the aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 



probe being/bound to each other as a result of the hybridization of some of the 

/. / / 

oligonucleotides attached toithem, at least one of the types of nanoparticles of the aggregate 



probe havii^oligopiicleotides attached thereto which have a hydrophobic group attached to 
the end not attached to the nanoparticles. 



1 62. A kit comprising a container holding a core probe, the core probe comprising 
at least two types of nanoparticles having oligonucleotides attached thereto, the nanoparticles 
of the core probe being bo^und to each other as a result of the hybridization of some of the 
oligonucleotides attached to them. 



163. The kit of Claim 162 further comprising a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a fu^t portion of 
the sequence of a nucleic/acid to be detected. 
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. a ..u,, Of a..Hdi J„„ of^ Of A^^^,^ .^^ „ ^ 
167. A wbtraic having MfepaniclesalUitelliKreto. 



168. •n»»l»«.«ofCl.im,67wh.rt„»„„„„p^„„^.„ 

a nucleic acid. 



J sequence of a first portion of 



H . *e end. not 

attached to the nanopa/ticJe. 

170. A satellite probe comprising: 



184 



4149-1.1-1.1 



a particle having attached thereto oligonucleotides, the oligonucleotides 



having a first portion and a second 



portion, both portions having sequences complementary 



to portions of the sequence of a ni cleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonuclejotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the partiel^/bolt^ portions having sequences complementary 
to portions of the sequence of the/|ucleicycid, the probe oligonucleotides further having a 
reporter molecule attached to one end. 



171. A method of nanofabrication comprising 

providin^at least one|type of linking oligonucleotide having a selected 
sequence, the sequencefcf each type of^linking oligonucleotide having at least two portions; 

providing one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonuc^eotideyon each w^e types^x^f nanoparticles having a sequence 



complementary to the sequence of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 

I 

effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 

1 72. The method of Claim 1 7 1 wherein at least two types of nanoparticles having 

j 

oligonucleotides attached thereto are provided, the oligonucleotides on the first type of 
nanoparticles having a sequence coraplementary to a first portion of the sequence of a linking 
oligonucleotide, and the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to a second portion of the sequence of the linking oligonucleotide. 
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173. The method of Claiia 
nanoparticles, semiconductor nan 



171 or 172 wherein the nanoparticles are metallic 
opjarticles, or a combination thereof. 



174. The method of Claijn 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanopiirticles are made of CdSe/ZnS (core/shell). 



1 75. A method of nanofabrication comprising: 

providing at least t\w,types of nandparticles having oligonucleotides attached 
thereto, /j / 

the oligonucleotides on thfe first type of nanoparticles having a sequence 
complementary to that of the oligonucleotides on the second of the nanoparticles; 

the oligonucleotides on the second type of nanoparticles having a sequence 
complementary to that/of the oligonucleotides on the first type of nanoparticles; and 



/. 



contacting the first* and s6cond types of^nanoparticles under conditions 
effective to allow hybridizationof t\ le oligonudeotki^ the nanoparticles to each other so 
that a desired nanomWrial op^anoutructure is formed. 

176. The method of Claim 175 wherein the nanoparticles are metallic 

I 

nanoparticles, semiconductor nanoparticles, or a combination thereof 

177. The method of Claim 176 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

178. Nanomaterials or nanostructures composed of nanoparticles having 
oligonucleotides attached thereto, thejnanoparticles being held together by oligonucleotide 
connectors. 
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1 79. The nanomaterials pr nanostructures of Claim 1 78 wherein at least some of the 
oligonucleotide connectors are i riple-stranded. 



1 80. The nanomaterials 
are metallic nanoparticleSi semiconductor 



or nanostructures of Claim 1 78 wherein the nanoparticles 
nanoparticles, or a combination thereof. 



181. The nanomaterials or nanostructures of Claim 180 wherein the metallic 

j 

nanoparticles are made of gold, and the^semiec^nductor nanoparticles are made of CdSe/ZnS 
(core/shell). 



182. A composition jcomprising at least two types of nanoparticles having 
oligonucleotides attach^ thereto, the^oligonucleotides on the first type of nanoparticles 
having a sequence coi^plement^^o tl|e sequence of a first portion of a nucleic acid or a 
linking oligonucleotide, the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to the sequence^^f a second portion of the nucleic acid or linking 
oligonucleotide. 



183. The composition |)f Claim 182 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof 



1 84. The composition ofiClaim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



1 85. An assembly of containers comprising: 

a first container holding nanoparticles having oligonucleotides attached 

thereto, and 

a second container ho|ding nanoparticles having oligonucleotides attached 

thereto, 
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the oligonucleotides attai 



a sequence complementary to that of the p. 
second container, 

the oligonucleotides attat 
having a sequence complementary tc 
nanoparticles in the second container. 

186. The assembly of Claim 
nanoparticles, semiconductor nanopartic 



hed to the nanoparticles in the first container having 
igonucleotides attached to the nanoparticles in the 



hed to the nanoparticles in the second container 
that of the oligonucleotides attached to the 



IS^^^wl^erein the nanoparticles are metallic 
or a coiAbination thereof. 



1 87. The assembly of Claim 1 86 

/ 

gold, and the semiconductor nanoparticles 



v^hereiMhe metallic nanoparticles are made of 
iu-e m^e of CdSe/ZnS (core/shell). 



188, A nanoparticle having a olMity of different oligonucleotides attached 



thereto. 



189. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the sequence of one of the Lortions of the selected nucleic acid; and 

contacting the nucleic acids add nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides oi the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized t|b the selected nucleic acid aggregate and 
precipitate. 

1 90. A method of binding oligonuc leotides to charged nanoparticles to produce 
stable nanoparticlei-oligonucleotide conjugates, the method comprising: 
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providing oligonUotides having covalemly bound thereto a moiety 
compns.ng a functional group wlich can bind to the nanoparticles; 

^°"'^'=^"«*^<'j4"cleotidesandthenanoparticlelinwaterforaperiodof 
nme sufficent to allow at least sonl of the oligonucleotides to bind to the nanoparticles- 

^'^'^"^^^'^^"-^tothewatertofonnasaltsolution.theiodcstrengA 
ofthe salt solut.on being sufficient toWome at least partially the electrostatic att.^^^^ 
or repuls.on of the oligonucleotides fo the nanoparticles and the electrostatic repulsion of 

the oligonucleotides for each other; 2 



_ contacting the oligonucLti^d nanoparticles in the sal. solution for 



additional period of time sufficient to all 



an 



the nanoparticles to produce the stabl/n 



191. The method of Cl^m 190 
or semiconductor nanoparticles 



w sufficient additional oligonucleotides to bind to 



n| noparticJJ^ligonucleo^de conjugates, 
yherpin theWiooafticles are metal nanoparticles 



192. The method of C^mylc.^i„ u^e nanoparticles are gold nanoparticles. 

193. TT'«-ethodofClaiml92whLthemoietycomprisingafimctionalgroup 
which can bind to the nanoparticles is an alkiiethiol. 



194. TTie method of Claim 190 wheiSjb all of the sal. is added to the water i 

Single addition. 



in a 



195. TTie method of Claim 190 whei^ii the salt is added gradually 



overtime. 



196. The method of Claim 190 where n the salt is selected from the group 
consisting of sodium chloride, magnesium chloW potassium chloride, ammonium 
chlonde. sodium, acetate, ammonium acetate, a conl^ination of two or mor« of these salts. 
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one of these salts in a phosphate buffer, and a combination of two or more these salts in a 
phosphate buffer. 



1 97. \ The method of Claim 1 96 wherein the salt is sodium chloride in a phosphate 



buffer. 



1 98. The>rnethod of Claim 1 90 wherein nanoparticle-oligonucleotide conjugates 
are produced which have the oligonucleotides present on surface of the nanoparticles at a 
surface density of at least lOjn^OTnoi^cm^. 



1 99. The meOiod^of Claim| 98 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface density of at least 15 picomoles/cm^ 



200. The/method of aaim 

/ / \ 

of the nanoparticles at a surface d 

picomoles/cm^. / / 



1 99 wherein the oligonucleotides are present on surface 
psity of from about 15 picomoles/cm^ to about 40 



201. A method of binding\ oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides,\he oligonucleotides comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonucleotides comprising a spacer 
portion and a recognition portion, the spacer portion being designed so that it can bind to the 
nanoparticles; and \ 

contacting the oligonucleotides dnd the nanoparticles under conditions 
effective to allow at least some of the recogmtion oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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202. The method of Claim 201 Wherein each of the spacer portions of the 
recognition oligonucleotides has a moiety covalently bound thereto, the moiety comprising 
a functional group which can bind to the nanoparticles 

203. The method of Claim 20 1 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



204. The method of Claim 203 \^erein the nanoparticles are gold nanoparticles. 

205. The method of Claim 204 w|iereii/the spacer portion comprises at least about 
10 nucleotides. 

206. The method of ^laim 2p5 ]where\n the spacer portion comprises from about 
10 to about 30 nucleotides. 

207. The method of Claim 206 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils, or all guanines. 



208. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotijies, the oligonucleotides comprising: 
a type of recogmtion oligonucleotides; and 
a type of diluen oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least some of es ch of the types of oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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209. The method of Claim 208 wherein the nanoparti^Ies are metal nanoparticles 
or semiconductor nanoparticles. 

2 1 0. The method of Claim 209 wherein the nanoparticles are gold nanoparticles. 

211. The method of Claim 208 wherein4ach of the recognition oligonucleotides 
comprises a spacer portion and a recognitioir^m|on, the spacer portion being designed so 
that it can bind to the nanoparticles. 




212, The method of/Claim 211 wherein each of the spacer portions of the 
recognition oligonucleotide^as a mmfety cov^ndy bound thereto, the moiety comprising 
a functional group which can bind tp the nanoparticles. 



213. The method of CHaim Zfl wherein the spacer portions of the recognition 
oligonucleotides comprises at/east about 10 nucleotides. 




214. The metho(l of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides compri/es from about 10 nucleotides to about 30 nucleotides. 

215. The method of Claim 2 1 1 wherein the bases of the nucleotides of the spacer 
are all adenines, aiylhymines, all cytosines, all uracils or all guanines. 



2 1 6. "yhe method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. 
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217. The method of Claim 216 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. ( 

2 1 8. The method of Claim 208.wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides. 



219. A method of binding (jligonucleotides to charged nanoparticles to produce 



nanoparticle-oligonucleotide conjuga 



■es, the method comprising: 




A I 

providing oligonucleotides having covalently bound thereto a moiety 

/ / ^ I 

comprising a functional group which can bind to the nanoparticles, the oligonucleotides 

comprising: 

e of recognition oligonucleotidpsrand 
iype of diluent olig^nncleOfiSes; 
£xmg the oligonucleotides with the nanoparticles in water for a period 
of time sufficient to allow at least some of each of the types of oligonucleotides to bind to 
the nanoparticles; j 

adding at least one salt to the water to form a salt solution, the ionic strength 
of the salt solution being sufficient to overcome at least partially the electrostatic attraction 



or repulsion of the oligonucleotides 
the oligonucleotides for each other; 



for the nanoparticles and the electrostatic repulsion of 
and 

contacting the oligonucleotides and nanoparticles in the salt solution for an 
additional period of time sufficient I ) allow additional oligonucleotides of each of the types 
of oligonucleotides to bind to the nanoparticles to produce the nanoparticle-oligonucleotide 



conjugates. 

220. The method of Claim 
or semiconductor nanoparticles. 



2 1 9 wherein the nanoparticles are metal nanoparticles 



V 
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of Claim 220 wherein Ae nanoparticles are gold nar>oparticles. 



222. The method W Claim 22 1 wherein the moi 



moiety comprising a functional group 



which can bind to the nanopWles is an alkanethiol. 



223. method ofUm 219 wherein all ofthe salt is added to 

Single addition. 



the water in a 



225. The „u,„d/f aL 2,5 4, ^, j, 

chlcndc ,<^™. «^„^^L, , „„«.«io„ of ,„o o, ™= Of 4o» s^. 

one of these salts in « t,>,L«u„*. u..^ 1 . . 

or more these salts in a 



of these salts in a phosphate bu^^. aijd a combination of two 
phosphate buffer. 



buffer. ''^'"^^^'^^'"'"'"^^'--^"^^-"^-chlorideinapho 



227. Tl,e method of Claim 219 whe^in nanoparticle-oligonucleotide conjugates 
arep.ducedw.chhave*eoligo„ucleotides\areprese. 
a surface density of at least lOpicomoles/cml^ 



228. ^e-thodofClaim227wherei„Loligonucleotidesarepresentonsurface 
of the nanoparticles at a surface density of at least\l5 picomoles/cm^ 
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229. The method of Claim 228 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface denfsity of from about 15 picomoles/cm^ to about 40 
picomoles/cm^. 



230. The method of Claim 2 1 9 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion having attached to 
it the moiety comprising a functional group which can bind to the nanoparticles. 



23 1 . The method of Claim 230 wherein the spacer portion comprises at least about 
10 nucleotides. 




232. The method of^Claim ^ 1 wherein the spacer portion comprises from about 
10 to about 30 nucleotides./ 

23 3 . The method of Clafm 230 wherein the bases of the nucleotides of the spacers 

/ 1/ I 

are all adenines, all thymines,* all cytosines, all uracils, or all guanines. 




234. The mgthpdof Claim 230 w^ierem the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. 



235. The method of Claim 234 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. 

236. The method of Claim 219 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides. 
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237. Nanoparticle-oiteonucleotide conjugates which are nanoparticles having 
oligonucleotides attached to thap, the oligonucleotides being present on stirface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucleotides having a sequence complementary to at least one portion of the 
sequence of a nucleic acid or another o^onucleotide.. 

238. The conjugates of Claim 2^ wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface densi\ of at least 10 picomoles/cm^ 

239. The nanoparticles of Claim 238 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm^. 



240. The nanoparticles of Claim 239 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

241. The nanoparticles of Claim 237 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

242. The nanoparticles of Claim 241 wherein the nanoparticles are gold 
nanoparticles. 

243 . Nanoparticles having olig^iucleotides attached to them, the oligonucleotides 
comprising at least one type of recognitrtm oligonucleotides, each of the recognition 
oligonucleotides comprising a spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. \ 
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244. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently botmd to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

245 . The nanoparticles of Claim 243 wherein the spacer portion comprises at least 
about 10 nucleotides. 

246. The nanoparticles of Claim 245 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticles of Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

248. The nanoparticles of Claim 243 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cm^. 

249. The nanoparticles of Claim 248 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm^ 

250. The nanoparticles of Claim 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

251. The nanoparticles of Claim 243 wherem the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

252. The method of Claim 25 1 wh^^ the nanoparticles are gold nanoparticles. 
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253. Nanoparticles having oligonucleotides attached to them, the oligonucleotides 
comprising: \ 

at least one type of recognition oligonucleotides, each of the types of 
recognition oligonucleotides comprising a sequence complementary to at least one portion 
of the sequence of a nucleic acid or another oligobucleotide; and 

a type of diluent oligonucleotides. \ 

254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. 

255. The nanoparticles of Claim 254 wherein the spacer portion has a moiety 
covalently boimd to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

256. The nanoparticles of Claim 254 wherein the spacer portion comprises at least 
about 10 nucleotides. 

257. The nanoparticles of Claim 256 wherein the spacer portion comprises from 
about 1 0 to about 30 nucleotides. 

258. The nanoparticles of Claim 254 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

259. The nanoparticles of Claim 253 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cm^. 
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260. The nanoparticles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 1 5 picomoles/cm^. 

26 1 . The nanoparticles of Claim 260 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

262. The nanoparticles of Claim 254 wherein the diluent oligonucleotides contain 
about the same number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. 

263. The nanoparticles of Claim 262 wherein the sequence of the diluent 
oligonucleotides is the same as that of the spacer portions of the recognition 
oligonucleotides. 

264. The nanoparticles of Claim 253 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

265. The nanoparticles of Claim 264 wherein the nanoparticles are gold 
nanoparticles. 

266. A method of detecting a nucldcfacid comprising: 

contacting the nucleic acid^witiTWlBast one type of nanoparticle-oligonucleotide 



conjugates according to anv one of Clahfts 237-242 under conditions effective to allow 
hybridization of the oligomicleotides/mythe nanoparticles with the nucleic acid; and 

observing a detectable^ange brought about by hybridization of the oligonucleotides 
on the nanoparticles ifiQi}}^^c\Qic aci^ 
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267. A method of detecting a nucleic acid comprising: 

contacting the nucleic acid with at least one type of nanoparticles according to any 
one of Claims 243-265 under conditions effective to allow hybridization of at least one of 
the types of recognition oligonucleotides on the nanoparticles with the nucleic acid; arid 

observing a detectable ct ange brought about by hybridization of the recognition 
oligonucleotides with the nucleic 



acid. 



268. A method of detecting a nucleic acid having at least two portions comprising: 

providing a type of nanoparticle-oligonucleotide conjugates according to any 

one of Claims 237-242, the o igonucleotides on each nanoparticle having a sequence 

complementary to the sequence of at lea^ttwcrpqrtions of the nucleic acid; 

contacting the nideic'aaid and the conjugates imder conditions effective to 
/ // 

allow hybridization of the oligonucleotides on the nanoparticles wdth the two or more 



portions of the nucleic acid; anc 

observing a/^etjecta^le change brought about by hybridization of the 
oligonucleotides on the nanopaiticlea with the nucleic acid. 

269. A method tofd^ecting a nucleic acid having at least two portions comprismg: 
contacting the nucleic acid with at least two types of nanoparticle- 
oligonucleotide conjugates according to any one of Claims 237-240, the oligonucleotides on 
the nanoparticles of the first type of conjugates having a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles of the 
second type of conjugates having a sequence complementary to a second portion of the 
sequence of the nucleic acid, th J contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 
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270. The method of/Claim 269 wherein the contacting conditions include freezing 
and thawing. 



271. The method off Claim 269 wherein the contacting conditions include heating. 



272. The method 
solid surface. 

273. The method 



observable with the naked eye^ 



of Claim 269 wherein the detectable change is observed on a 



of Claim 269 wherein the detectable change is a color change 



274. The method 



surface. 



275. The method 
or semiconductor nanoparticles. 




of Claim 273 wherein the color change is observed on a solid 



of Cl^m 269 wherein the nanoparticles are metal nanoparticles 



276. The method 



of Claim 269 wherein the nanoparticles are gold nanoparticles. 



277. The method of Claim 269 wherein the oligonucleotides attached to the 
nanoparticles are labeled on their ends not attached to the nanoparticles with molecules that 
produce a detectable change upon hybridization of the oligonucleotides on the nanoparticles 
with the nucleic acid. 



278. The method! of Claim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 
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279. The method of Clkm 269 wherein: 

the nucleic acidiias a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to ajlow hybridization of the filler oligonucleotide with the nucleic 
acid. 



280. The method o 



'Claim 2fe9\wherein the nucleic acid is viral RNA or DNA. 



L 



281. The metiiod of Claim 269 wherein the nucleic acid is a gene associated with 
a disease. 




282. The method^lf Claim 269 wherejn the nucleic acid is a bacterial DNA. 



283. raemethod of Claim 269 wherein the nucleic acid is a fungal DNA. 



284. The method Of Claim 269 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally -modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Claim 269 wherein the nucleic acid is fzom a biological 



source. 



286. The method 
polymerase chain reaction aii[iplification 



Df Claim 269 wherein the nucleic acid is a product of a 
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287. The method of ClaiiA 269 wherein the nucleic acid is contacted with the first 
and second types of conjugates sirhultaneously. 

288. The method of fclaim 269 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the nanoparticles of first type of conjugates before 
being contacted with the second type of conjugates. 

289. The method of/Claim 288 wherein the first type of conjugates is attached to 
a substrate. 

290. The methodof Cl^m ^69 wherein the nucleic acid is double-stranded and 
hybridization with the oli^onucldotides on the nanoparticles results in the production of a 
triple-stranded complex. 

29 1 . /ymelhod of detecting a nucleic acid having at least two portions comprising: 
providin^^ tJLe of nanoparticles according to any one of Claims 243-252 

having recognittQn^<^onucle^^ attached thereto, the recognition oligonucleotides on 
each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles v«th the two or more 
portions of the nucleic aeid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

292. A methol of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles according 

to any one of Claims 243-250 having recognition oligonucleotides attached thereto, the 
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recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementary to a first portion of^e sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence^f the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic acid^ and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 




293 . The method of Claim 29% wherein the contacting conditions include freezing 
and thawmg. 

294. The mefiiod of CIain/292 wherein the contacting conditions include heating. 




295. The (method o^la\m 292 wherein the detectable change is observed on a 
solid surface. 



m 296. The method oi" Claim 292 wherein the detectable change is a color change 



observable with the naked eye. 

297. The method/of Claim 296 wherein the color change is observed on a solid 
surface. 

298. The method of Claim 292 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

299. The method of Claim 298 wherein the nanoparticles are made of gold. 
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3 00. The method of Claim 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce a detectable change upon hybridization of the oligonucleotides on the 
nanoparticles with the nucleic acid. 

301. The method of Claim 300 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and thje oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 



302. The method of Claint 



292 wherein: 



the nucleic acid has 
portions, and the sequences o^the 

sequences complementary t^^this third^ortion of the nucleic acid; and 
the nucleic/acid is 




\ 



sequence complementary ^othis^irl of the nucleic acid, the contacting taking place 

under conditions effective to allow hybridizaubn-of^efiller oligonucleotide with the nucleic 



acid. 



a third portion located between the first and second 
oligojMJcleotides on the nanoparticles do not include 
r/ic 

er contacted with a filler oligonucleotide having a 



303. The method of Claim 292 wherein the nucleic acid is viral RNA or DNA. 



3 04. The method of Claim 292 wherein the nucleic acid is a gene associated with 
a disease. 

305. The method of Claim 292 wherein the nucleic acid is a bacterial DNA. 



306. The method of Claim 



292 wherein the nucleic acid is a fungal DNA. 
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307. The method of Claim 292 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modifiecy natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 



308. The method of ClainJ 292 wherein the nucleic acid is from a biological 



source. 



309. The method of Claim 292 wherein the nucleic acid is a product of a 
polymerase chain reaction amplificaiion. 



310. The method of Claim 



and second types of nanoparticles^imultaneously. 




292 whetiin the nucleic acid is contacted with the first 



311. The method of Claim /292 wherein the nucleic acid is contacted and 

/ 1/ / 

hybridized with the oligpnucleotides|)n the first type of nanoparticles before being contacted 
with the second type of nanoparticles. 



312. The 
to a substrate. 




6f Claim 



13 1 1 wlierein the first type of nanoparticles is attached 



313. The method of Claim 292 wherein the nucleic acid is double-stranded and 

I 

hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

314. A method of detecting a nucleic acid having at least two portions comprising: 

providing a type of nanoparticles according to any one of Claims 253-265 

I 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
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each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; 

contacting the nucieic acid and the nanoparticles under conditions effective 
to allow hybridization of the recognition oligonucleotides on the nanoparticles with the two 
or more portions of the nucleic aoid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 



315. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleij; acid with at least two types of nanoparticles according 
to any one of Claims 253-263 having recognition oligonucleotides attached thereto, the 
recognition oligonucleotides on the first^Qpe^of nanoparticles comprising a sequence 
complementary to a first portion/of the s< 
oligonucleotides on the second.type of nanop^icles comprising a sequence complementary 
to a second portion of the sequence of th^ni/cleil acid, the contacting taking place under 
to ,^ow hybriii^tion of the recognition oligonucleotides on the 



conditions effective 
nanoparticles with the Aucleic acidf and 

observike a detectable ch 



Lge brought about by hybridization of the 




recognition oligonucleotides on the nanoparticleswith the nucleic acid. 



3 1 6. The method of Claim 315 wherein the contacting conditions include freezing 
and thawing. 



317. The method of Clahn 3 



1 5 wherein the contacting conditions include heating. 



3 1 8. The method of Claim i3 1 5 wherein the detectable change is observed on a 
solid surface. 
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3 1 9. The method of Claiip 3 1 5 wherein the detectable change is a color change 
observable with the naked eye. 



320. The method of Claim 3 1 9 wherein the color change is observed on a solid 



surface. 



32 1 . The method of Cl^im 3 1 5 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



322. The method'^f Claim 32/ wherein the nanoparticles are made of gold. 



323. The method of C 



5 wherein the recognition oligonucleotides attached 



to the nanoparticles are labeled oi i their ends not attached to the nanoparticles with molecules 
that produce a dete^tablecji^e upon\iybridi2ation of the recognition oligonucleotides on 
the nanoparticles wmrtlie nucleic acid. 



324. The method of 



Claim 323 wherein the nanoparticles are metallic or 



semiconductor nanoparticles imd the recognition oligonucleotides attached to the 
nanoparticles are labeled with fluorescent molecules. 



325. The method of C laim 3 1 5 wherein: 



the nucleic acid 
portions, and the sequences of 



the nucleic acid 
sequence complementary to this 



has a third portion located between the first and second 
the oligonucleotides on the nanoparticles do not include 



sequences complementary to th s third portion of the nucleic acid; and 



is further contacted with a filler oligonucleotide having a 
third portion of the nucleic acid, the contacting taking place 
under conditions effective to allqw hybridization of the filler oligonucleotide with the nucleic 
acid. 
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326. The method of Claim 3 1 5 wherein the nucleic acid is viral RNA or DNA. 

327. The method of Claim 3|l 5 wherein the nucleic acid is a gene associated with 
a disease. 

328. The method of Claim |3 1 5 wherein the nucleic acid is a bacterial DNA. 

330. The method of Claipi 315 wherein the nucleic acid is a synthetic DNA, a 
tic RNA, a structural 
natural or synthetic DNA, 



laim 315 w 

I / / 

synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 



331. The method of Claim 13 IS wherein the nucleic acid is from a biological 

/ 

source. 



332. The method of Claim 315 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 



333 . The method of Claim 3 1 5 wherein the nucleic acid i^ contacted with the first 

I 

and second types of nanoparticles simultaneously. 

I 

334. The method of Claim 315 wherein the nucleic acid is contacted and 

f 

hybridized with the recognition oligonucleotides on the first type of nanoparticles before 

{ 

being contacted with the second type of nanoparticles. 

335. The method of Claim 334 wherein the first type of nanoparticles is attached 
to a substrate. 
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336. The method of Claim 315 wherein the nucleic acid is double-stranded and 
hybridization with the oiigonucleotidesfon the nanoparticles results in the production of a 
triple-stranded complex. 



337. A method of detecting a'nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, ths'^ont^ing taking place under conditions effective to 
allow hybridization of the oligonticleotid^s/on the substrate with said nucleic acid; 

(b) contacting^d niclefic acid bound to the substrate with a first type of 
nanoparticle-oligonucleotide conjugates accWing to,aity one of Claims 237-240, at least one 
of the types of oligonucleotides at^ched to the nanoparticles of the conjugates having a 
sequence complementary lo a s^ond portion of the sequence of said nucleic acid, the 
contacting taking place under cDnditions effective to allow hybridization of the 
oligonucleotides attached to the nar oparticles of the conjugates with said nucleic acid; and 

(c) observing a detectable change. 

338. The method of Claii 1 337 further comprising: 

(d) contacting the first type of nanoparticle-oligonucleotide conjugates bound 
to the substrate with a second type if nanoparticle-oligonucleotide conjugates according to 
any one of Claims 237-240, at least one of the types of oligonucleotides attached to the 
nanoparticles of the second type c f conjugates having a sequence complementary to the 
sequence of one of the types of oligonucleotides attached to the nanoparticles of the first type 
of conjugates, the contacting taking place under conditions effective to allow hybridization 
of the oligonucleotides attached xo the nanoparticles of the first and second types of 
conjugates; and 

(e) observing the d* 



(tectable change. 



iejti 
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339. The method of Claim 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles of the firs type of conjugates has a sequence complementary to the 
sequence of at least one of the t^'pes of oligonucleotides on the nanoparticles of the second 
type of conjugates and the method further comprises: 

(f) contacting the second type of conjugates bound to the substrate with the 
first type of conjugates, the co ntacting taking place under conditions effective to allow 
hybridization of the oligonuclec tides on the nanoparticles of the first and second types of 
conjugates; and 

(g) observing the 




340, The method of Claim 339 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectablelchange is observed. 



341. 



/ 



The method of ^laim\ 
(d) p/oviding /a {typeN 



' further comprising: 

ig oligonucleotides having a sequence 
comprising at least two pordpns, ihc first portion being complementary to at least one of the 

types of oligonucleotioes^ttached to the nanoparticles of the first type of conjugates; 

I 

(e) contacting the binding oligonucleotides with the furst type of conjugates 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the fu^t type of conjugates; 1 

(f) providing a second type of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-240, at least one of the types of oligonucleotides 
attached to the nanoparticles of|the second type of conjugates having a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 

I 

second type of conjugates, the contacting taking place under conditions effective to allow 
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hybridization of the oligonucleoiides attached to the nanoparticles of the second type of 
conjugates with the binding oligonucleotides; and 
(h) observing the detectable change. 



5 



o 

n 

•1—3 

u 



342. The method of Claim 341 further comprising: 

(i) contacting Hit second type of conjugates bound to the substrate with the 
binding oligonucleotides, the c )ntacting taking place under conditions effective to allow 
hybridization of the binding olig onucleotides with the oligonucleotides on the nanoparticles 
of the second type of conjugates;/ 

(j) contacting tht : binding oli^nucleotides bound to the substrate with the first 
type of conjugates, they^ntj cting tal^g place under conditions effective to allow 
hybridization of the oligonuclec tides (m the Nanoparticles of the first type of conjugates with 
the binding oligonucleotides; and 



/ 

(k) observing thi 




/ 



detectable change. 



343. The nlethod^df Claim 342 wherein steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. 



344. The method of C 
an opaque white substrate. 

345. The method of C 
dark areas on the substrate. 



aim 337 wherein the substrate is a transparent substrate or 



aim 344 wherein the detectable change is the formation of 



346. The method of Claim 337 wherein the nanoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. 
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347. The method of cjaim 346 wherein the nanoparticles of the conjugates are 
made of gold or silver. 



348. The method of Claim 337 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of muhiple portions of 
a single nucleic acid, the deteciion of muhiple different nucleic acids, or both. 

349. The method of Claim 337_ wherein the substrate is contacted with silver stam 
to produce the detectable changer 



/. 




350. The method of Claim548 wherein the substrate is contacted with silver stain 




to produce the detectable change. 

351. /The metho^Kof ClaiiA,337 wherein the detectable change is observed with an 
optical scanner 

352. The method of Claim 351 wherein the device is a flatbed scanner. 




353. The method o 
with software capable of 
measurements are calculated 
detected. 



'Claim 351 wherein the scanner is linked to a computer loaded 
calculating greyscale measurements, and the greyscale 
. to provide a quantitative measure of the amount of nucleic acid 



354. The method 
substrate are located between 
of a material which is a 
conductivity. 



of Claim 337 wherein the oligonucleotides attached to the 
two electrodes, the nanoparticles of the conjugates are made 
conductor of electricity, and the detectable change is a change in 
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355. The method of Clai: 
nanoparticles are made of gold. 



354 wherein the electrodes are made of gold, and the 



356. The method of Claiin 354 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

357. The method of Claim 348 wherein each of the plurality of oligonucleotides 
attached to the substrate in the arra> is located between two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 



to produce the change in condjictivity 



^n^condjic 




in the electrodes are made of gold, and the 



358. The method of Claim 
nanoparticles are made of gold. 



359. The meth6d of Cl^ 357 wherein the substrate is contacted with silver stain 

activity. 



3 60. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotidJs having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 243-250 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 
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(c) observing al detectable change. 



361. The method of Claim 360 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleitides on the first type of nanoparticles, the contacting taking 

place under conditions effective to allowJiybridization of the oligonucleotides on the first 

j / 

and second types of nanoparticles^d 

(e) observing theldetecmble change. 



362. The method^of ClW/360 wherein at least one of the types of recognition 
oligonucleotides on thCyfirst typey^ nanoparticles has a sequence complementary to the 

sequence of at least one of the types of oligonucleotides on the second type of nanoparticles 

/ /I 
and the method further comprises; 




(f) coAtacting^e s&ond ^^pe^fi^oparticles boimd to the substrate with the 
first type of nanopartid^^toe contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) observing the detectable change. 



363. The method of Claim 3^62 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 



364. The method of Claim 360 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
J 

comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first' type of nanoparticles; 
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(e) contacting the binding oHgonucleotides with the first type of nanoparticles 
bound to the substrate, the contacting^taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; / 

(f) providing a second/type of nanoparticles according to any one of Claims 
243-250 having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the^ second type of nanoparticles comprising a sequence 



complementary to the second portion,of the sequence of the binding oligonucleotides; 

(g) contacting the^binding oligOTiucleotides bound to the substrate with the 
second type of nanoparticles, the coiitactin^taking place under conditions effective to allow 
hybridization of the oligonucleotic es on the/second type of nanoparticles with the binding 
oligonucleotides; and / 

(h) observing the detectable [change. 




365. The m^^diod o|^laim 364 further comprising: 

^ i'l 

(i) contacting the second type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable change. 



366. The method of Claim 365 wherein steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and the detectable change is observed. 
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367. The method of Claim 360 wherein the substrate is a transparent substrate or 
an opaque white substrate. 



368. The method of Claim 3^7 wherein the detectable change is the formation of 
dark areas on the substrate, 

369. The method of Claim 3|60 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



silver. 



370. The method of Claim' 369/^herein the nanoparticles are made of gold or 



371. The method, of Claim^i6o| wherein the ^substrate has a plurality of types of 
oligonucleotides attache/ ;o it iiyan 2ira}vto allow/or the detection of multiple portions of 
a single nucleic acid, the WgcUon o " multiple different nucleic acids, or both. 

372. The method of Claim 360 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

373. The method of Claim 371 wherein the substrate is contacted with silver stain 
to produce the detectable change, 

375. The method of Claim 360 wherein the detectable change is observed with an 
optical scanner 



376. The method of Claim 



>75 wherein the device is a flatbed scanner. 
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371, The method of Claim 3 75 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 



378. The method of Claim 360 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 



379. The method of Claim 378 Y^ereiri the electrodes are made of gold, and the 
nanoparticles are made of gold./ 



380. The method of Claim678/wherein the substrate is contacted with silver stain 
to produce the change in conductildty. 



/ 



381. The method of Claim 37^ wherein each of the plurality of oligonucleotides 
attached to the substfatejiuhe array is lockted-b^fween two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

382. The method of Cla(im 381 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

383. The method of Claim 381 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

3 84. A method of detecting a nucleic acid having at least two portions comprising: 



218 



4149-1-1-1'1 



(a) contacting thef nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acic , the contacting taking place under conditions effective to 
allow hybridization of the oligor ucleotides on the substrate with said nucleic acid; 

(b) contacting sai d nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 253-263 having one or more types of 
recognition oligonucleotides at ached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the recognition olijgdnucleoti^es on the nanoparticles with said nucleic acid; 

i lei 



and 



(c) observing a deteci 




! change. 




385. The mejthod of Ciaimp84 further pstnpnsing: 

(d) coAtacting^the first^^ipe-t5f nanoparticles bound to the substrate with a 
second type of nanopaiJi<Jles according to any one of Claims 253-263having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and 

(e) observing the detectable change. 

386. The method of Claim 385 wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles comprises a sequence complementary to 
the sequence of at least one of the types of oligonucleotides on the second type of 
nanoparticles and the method further comprises: 
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(f) contacting the Jecond type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) observing the detectable change. 



387. The method of Claim 386 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable lhange is observed. 



388. The method of ClaSm 3 84 fijrther comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first typ^'ofnaiis^particles; 

(e) contacting the b^dmg o|gonucIeotides with the first type of nanoparticles 
bound to the substrate, the conmcting /taking place under conditions effective to allow 
hybridization of the binding ctligonucleotipes with the oligonucleotides on the first type of 
nanoparticles; 

(f) providing a second type of nanoparticles according to any one of Claims 
253-263having recogriition\slig<mucleotidesatfa^^ at least one of the types of 
recognition oligonucleotides on thejsecond type of nanoparticles comprising a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 



(g) contacting the binding oligonucleotides bound to the substrate with the 

I 

second type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and 

(h) observing the detectable change. 



389. The method of Claim 3:88 further comprising: 
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(i) contacting th<; second type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the < ontacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the con acting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the bmding 
oligonucleotides; and 

detejctable^change. 



(k) observing the 



390. The method of Claim 3S 9 wherein steps (e) and (g) or steps (e), (g), (i) and (j) 
are repeated one or more times, and t le detectable change is observed. 





391. The method of Claim 3 84*wherein the substrate is a transparent substrate or 
an opaque white substrate. 



392. The method of Claim 391 wherein the detectable change is the formation of 
dark areas on the substrate. 

393. The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



394. The method of Claim 393 wherein the nanoparticles are made of gold or 



silver. 



395. The method of Claiml 384 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection oimultiple different nucleic acids, or both. 
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396. The method of Claim 384 wherein the substrate is contacted with silver stain 
to produce the detectable change. 



372. The method of Cjaim 395 wherein the substrate is contacted with silver stain 
to produce the detectable change. 



398. The method of Claim 384 wherein the detectable change is observed with an 
optical scanner 

399. The method of Claim 398 wherein the device is a flatbed scanner. 



400. The method of Claim 398 wherein the scanner is linked to a computer loaded 
with software capable/of |alculattng greyscale measurements, and the greyscale 
measurements are calculated, to pro^/de a quantitative measure of the amount of nucleic acid 
detected. 



401. The method o 
substrate are located between; 
is a conductor of electrici^^ 



/ 



,ClaiW 384^^^erein the oligonucleotides attached to the 
vo elecfeSes, the nanoparticles are made of a material which 
the detectable change is a change in conductivity. 



403. The method of 
to produce the change in cond 



402. The method of [ Claim 401 wherein the electrodes are made of gold, and the 
nanoparticles are made of gola. 



Jlaim 401 wherein the substrate is contacted with silver stain 
luctivity. 



404. The method of Claim 397 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 



222 



made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

405. The method of Claim 404 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

406. The method of Claim 404 wherein the substrate is contacted with silver stain 

I 

to produce the change in conductivity. 



407. A method of detecting a4iucleic acid having at least two portions comprising: 

111 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides being located between a pair of electrodes, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of said 
nucleic acid, the contacting taking place under conditions effective to allow hybridization of 
the oligonucleotides on the substratJLvith saidnucleic acid; 

(b) cWitajting said nufeteiC^id bound to the substrate with a first type of 
nanoparticles, the nanoparticles being made of a material which can conduct electricity, the 
nanoparticles having one or morij types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place imder conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 

(c) detecting a change in conductivity. 



408. The method of Claim 407 wherein the substrate has a plurality of pairs of 
electrodes located on it in an array to allow for the detection of multiple portions of a single 
nucleic acid, the detection of mul iple different nucleic acids, or both, each of the pairs of 
electrodes having a type of oligonucleotides attached to the substrate between them. 
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409. The method of Claim 407 wherein the nanoparticles are made of metal. 



410. The method of Claim 407 wherein the nanoparticles are made of gold or 



silver. 



411. The method of Cla 



im 407 wherein the substrate is contacted with silver stain 



to produce the change in conductivity. 



4 1 2. The method of Cl^im 407ifur^her comprising: 

(d) contacting the first type of nanoparticles bound to the substrate vwth a 
second type of nanoparticles, the nanoparticles being made of a material which can conduct 
electricity, the nanoparticles havirlg^ligonucleotides attached thereto, at least one of the 
types of oligonucleotides on thj^ second type of nanoparticles comprising a sequence 
complementary to the sequenc^of one oMie types of oligonucleotides on the first type of 
nanoparticles, the contactip^mkinglplace un^^6n3itions effective to allow hybridization 
of the oligonucleotides on the first and second types of nanoparticles; and 

(e) detecting the change in conductivity. 



413. The method of Claim 4|l2 wherein at least one of the types of oligonucleotides 
on the first type of nanoparticles has a sequence complementary to the sequence of at least 
one of the types of oligonucleotide;; on the second type of nanoparticles and the method 
further comprises: 

(f) contacting the secc»nd type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) detecting the chailge in conductivity. 
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414. The method of Claim 
or more times and the change in 



415 



1 3 wherein step (d) or steps (d) and (f) are repeated one 
conductivity is detected. 



The method of Claim 407 further comprising: 
(d) contacting the first type of nanoparticles bound to the substrate with an 
aggregate probe having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being made of a material wKiclicapucouduct electricity, at least one of the types of 
oligonucleotides on the aggregate ^probe comprising a sequence complementary to the 
sequence of one of the types of ligonmeotides on the first type of nanoparticles, the 

contacting taking place under conditions effective to allow hybridization of the 

/ I / 

oligonucleotides on the aggregate probe with the oligonucleotides on the first type of 
nanoparticles; 




e change iiixonductivity. 



416. A method of detecting nucleic acid having at least two portions comprising: 

(a) contacting a nucleic acid with a substrate having oligonucleotides attached 
thereto, the oligonucleotides being located between a pair of electrodes, the oligonucleotides 
having a sequence complementary to a first portion of the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with an aggregate probe 
having oligonucleotides attached thereto, at least one of the types of oligonucleotides on the 
aggregate probe comprising a sequence complementary to the sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate probe being made of a material which 
can conduct electricity, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

(c) detecting a change in conductivity. 
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417. A method of detecting a nucleic acid wherein the method is performed on a 
substrate, the method comprising detecting the presence, quantity, or both, of the nucleic acid 
with an optical scanner. 

418. The method of Claim 41 [7 wherein the device is a flatbed scanner. 



4 1 9. The method of Claim 4jl Twhgrein the scanner is linked to a computer loaded 
with software capable of calculatifig greyscale measurements, and the greyscale 
measurements are calculated, to provic e a quantitative measure of the amoimt of nucleic acid 
detected. ^ " 




420. The method of Claim 4 1 7iWherein the scanner is linked to a computer loaded 

I / \ / . . 

with software capable of providing an|mage of the substrate, and a qualitative determmation 

of the presence of the nucli^cacid^the quanti V<*£&e,nucleic acid, or both, is made. 

42 1 . A kit comprising a container holding nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242. 



422. A kit comprising a container holding nanoparticles according to any one of 
Claims 243-265. 

423. A kit comprising a substrate having attached thereto at least one pair of 
electrodes with oligonucleotides attached to the substrate between the electrodes. 

424. The kit of Claim 423 wherein the substrate has a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both. 
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425. A method of naijofabrication comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence of each ype of linking oligonucleotide having at least two portions; 

providing one cr more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims p7-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of a 
portion of a linking oligonucleopde; and 

contacting the linking oligonucleotides and conjugates under conditions 
effective to allow hybridizati^jofSie^Ug^ attached to the nanoparticles of the 

conjugates to the linking oligonucleotide^ Sjo that a desired nanomaterial or nanostructure is 
formed wherein the nanopartic'^ ^^'^ 
connectors. 



I.,. 



es of the conjugates are held together by oligonucleotide 



426. A method of nanofabrication comprising 



/ 



providing at least one type of linking^dligonucleotide having a selected 



sequence, the sequenceofe^li^ype of linkingoligonucleotide having at least two portions; 

providing one or more types of nanoparticles according to any one of Claims 
243-265, the recognition oligonucleotides on each of the types of nanoparticles comprising 
a sequence complementary to ti e sequence of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 



427. A method of nanofabrication comprising: 

providing at least two types of nanoparticle-oligonucleotide conjugates 
1 

according to any one of Claims 237-242, 
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the oligonucleotides I attached to the nanoparticies of the first type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticies of the second type of conjugates; 

the oligonucleotides attached to the nanoparticies of the second type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticies of the fu^t type of conjugates; and 

contacting the first and second types of conjugates under conditions effective 
to allow hybridization of the oligon icleotides on the nanoparticies of the conjugates to each 
other so that a desired nanomaterial or nanostructure is formed. 

428. A method of nanofabficatibn^comprising: 

providing at least two types(]of nanoparticies according to any one of Claims 

243-265, 

the recognition oligonucleotides on the first type of nanoparticies comprising 
a sequence complementary to that ofthe oligonucleotides on the second of the nanoparticies; 

the recognition c^gonuclJotides on the sepond type of nanoparticies 
comprising a sequen(|p comgf^entaiy to tWsOfe^'-^^^^t^^^^^^^^^^s ^^^^^ ^® 

nanoparticies; and 

contacting the first and second types of nanoparticies under conditions 

effective to allow hybridization ofthe oligonucleotides on the nanoparticies to each other so 

1 

that a desired nanomaterial or nanostructure is formed. 



429. Nanomaterials or nanostructures composed of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242, the nanoparticies being held together 
by oligonucleotide connectors. 



430. Nanomaterials or nanostructures composed of nanoparticies according to any 
one of Claims 243-265, the nanoparticies being held together by oligonucleotide connectors. 
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43 1 . A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242,/the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of one 
of the portions of the selected nucleic acid; and 

contacting the nucl^rTacids^nd conjugates under conditions effective to 
allow hybridization of the oligonucleotide/! )n the nanoparticles of the conjugates with the 
selected nucleic acid so th^tthe/^onjugat^h ^(ridized to the selected nucleic acid aggregate 
and precipitate. j I / 

432. A mejthod4f sep^ating a selected nucleic acid having at least two portions 
from other nucleic aqds, tlig/method comprising: 

providing two or more types of nanoparticles according to any one of Claims 
243-265, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary t(/the sequence of one of the portions of the selected nucleic acid; and 

sontacting the nucleic acids and nanoparticles under conditions effective to 
allow hybridisation of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected nucleic acid aggregate and 
precipitatfif. 
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